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Growth dynamics of NaNdxY1-xF4 nanocrystals
The growth mechanism of -NaNd0.03Y0.97F4 nanoparticles in Fig. 1A is studied by examining the TEM images and XRD patterns of nanocrystals prepared for various reaction times at 290 o C.
At the start of the reaction, when the temperature first reaches 290 o C (reaction time t = 0 min), small irregular nanocrystals (average length ~ 4.5 nm) are formed ( Fig. S2A and Fig. S3 ). The diffraction peaks in the corresponding XRD pattern match those of standard cubic phase -NaYF4
(JCPDS No. 77-2042) and NaF (JCPDS card no. 88-2299) (Fig. S2D ). The latter is formed from the reaction: NH4F + NaOH → NaF + NH3 + H2O. and red: cubic NaF). The XRD patterns are normalized with respect to the most intense peak. The normalized XRD pattern for t = 10 min shows the presence of cubic phase -NaNd0.03Y0.97F4 nanocrystals (Fig. S2D ). On the other hand, for t = 60 min, the co-existence of both -and -phase NaNd0.03Y0.97 nanoparticles are noted in the XRD pattern (Fig. S2D) , and for t = 120 min, only -phase nanoparticles are observed (Fig. S2D ). Since NaF is only very slightly soluble in ethanol, the small amount of NaF removed during the nanocrystal precipitation process will be the same across all nanocrystals as the procedure is similar. From the un-normalized XRD pattern ( Fig. S4) , it is observed that the NaF peak for t = 60 min is less intense compared to the corresponding peak for t = 0 min. This indicates that NaF is being consumed in the production of the cubic phase nanocrystals. As the reaction progresses, the initially formed unstable -NaNd0.03Y0.97F4 nanocrystals undergo dissolution to monomers while facilitating the growth of -5 NaNd0.03Y0.97F4 nanoparticles by redepositing onto them (i.e., Ostwald ripening). 1 For t = 120 min, when only the hexagonal phase nanocrystals are found, we do not observe NaF (Fig. 1E) . Shan and Ju have proposed that NaF plays a role in the nucleation of  and -NaYF4 nanoparticles.
2 Furthermore, together with the monomers from the dissolution of -NaYF4 nanoparticles, unreacted NaF is further consumed during the growth of -NaYF4 nanoparticles. 2 Our results are in line with those of Wihelm et al. who also reported the presence of NaF at various stages during the synthesis of -NaYF4:Yb 3+ ,Er 3+ nanoparticles. 3 The authors observed the XRD diffraction peak of NaF during the nucleation of -NaYF4:Yb 3+ ,Er 3+ nanoparticles at early times and later when a mixture of -and -NaYF4:Yb 3+ ,Er 3+ nanoparticles is present. The peak disappears when NaYF4:Yb 3+ ,Er 3+ nanoparticles are fully converted to the hexagonal phase. S6 ). For both t = 10 and 30 min, -NaNdF4 nanocrystals coexist with theirphase counterparts (Fig. S5D) . Finally, for t = 120 min, only -NaNdF4 nanorods with an average length = 49.9 nm and average width = 27.4 nm are observed (Fig. 1D) . It is therefore proposed that the growth of -NaNdF4 nanorods involves an Ostwald-ripening process with unstable -NaNdF4 nanoparticles 7 transforming to -NaNdF4 nanorods as the reaction progresses. It is worth mentioning that Yan et al. have previously demonstrated the presence of hexagonal NdF3 during the initial stage of -NaNdF4 nanorod formation, which is not observed here. 4 A plausible explanation is the higher reaction temperature (330 o C) used in their study which caused the initially formed -NaNdF4 to undergo partial decomposition in the presence of oleic acid to form NdF3: -NaNdF4 + oleic acid → NdF3 + -NaNdF4 + Na-oleate + HF. 
Growth dynamics of LiNdxY1-xF4 nanocrystals
The effect of reaction time is investigated next by performing time-dependent experiments. For x = 3% and t = 0 min, the TEM image shows several small nanoparticles (average diameter = 7.5 nm) (Fig. S14A and Fig. S15 ), and the corresponding XRD diffraction pattern reveals the coexistence of tetragonal Nd 3+ -doped LiYF4 nanocrystals, orthorhombic Nd 3+ -doped YF3 nanocrystals and LiF (Fig. S14C) ; likely formed via the following reactions:
As the reaction progresses (e.g., t = 30 and 120 min), the amounts of Nd 3+ -doped YF3 and LiF decrease and only diffraction peaks arising from Nd 3+ -doped LiYF4 are observed (Fig. S14C) . The TEM image for t = 30 min (Fig. S14B) clearly displays both large (average diameter = 10.9 nm) and small nanocrystals (average diameter = 5.5 nm) (Fig. S15) , whereas homogeneous LiNd0.03Y0.97F4 nanoparticles (average diameter = 10.8 nm) are formed for t = 120 min ( Fig. 2A) .
Therefore, Ostwald ripening is the mechanism governing the formation of tetragonal LiNd0.03Y0.97F4 nanoparticles. Interestingly, we note that the average size of the large nanoparticles for t = 30 and 120 min are not significantly different (~ 10.9 nm). This suggests that the reaction is closed to completion at t = 30 min where the majority of the smaller sized Nd 3+ -doped LiYF4 nanocrystals have undergone dissolution to form the final product. 
Fig. S26
Normalized diffuse reflectance UV-vis absorption spectra of NaNd0.03Y0.97F4 and NaNdF4 nanocrystal films on glass substrates. The spectra are normalized with respect to the most intense peak.
